Spermatogenesis is a complicated process of germ cell differentiation, involving programmatic expression of diverse cell type-and developmental stage-specific genes. To date, the vitamin-A-deficiency (VAD) rats and postnatal rats are two models commonly used to study spermatogenesis. In the present study, we studied the expression of 1185 known genes in the vitamin-A-deficient and retinol-reinitiated spermatogenesis of rat testis using Clontech Atlas rat cDNA expression arrays. The mRNA expression patterns of post-vitamin-A (PVA) testis on Days 15 and 35 were compared with those of the spermatogenic arrested rat testis on Day 0. About 9% (110/1185) of the genes studied were highly expressed. When compared with VAD rat testis on Day 0, 20 and 31 genes were differentially expressed by a factor of twofold or greater on Days 15 and 35, respectively. Four genes (cytochrome P450 17, sulfated glycoprotein 2, protein kinase inhibitor, and cathepsin L) that play important roles in spermatogenesis were selected and their gene expression patterns were confirmed by semiquantitative reverse transcription-polymerase chain reaction. Comparison of the expression patterns of these genes between PVA-VAD and postnatal rat testis in developmentally matched stages revealed substantial differences during the early stages of spermatogenesis. This discrepancy could be caused by either the presence of arrested but mature somatic cells in the PVA-VAD testis that may contribute to a unique gene expression pattern in this model or the direct effect of retinol on spermatogenesis. Therefore, caution is needed in interpreting the gene expression data using the PVA-VAD and postnatal rat models in studying spermatogenesis in rat testes. gene regulation, male reproductive tract, spermatogenesis, testis
INTRODUCTION
Spermatogenesis is a complicated process of germ-cell differentiation, involving programmatic expression of diverse cell types and developmental stage-specific genes. Although the morphological changes of germ cells in spermatogenesis have been well described, the molecular mechanisms of gene regulation involved in these important reproductive events are poorly known.
Spermatogenesis occurs in a cyclic manner in the seminiferous tubules. In rats, it can be divided into 14 stages (I-XIV), with each stage consisting of a specific complement of male germ cells. All the 14 stages can be found in the mature testis at any time. This makes the purification of sufficient germ cells at specific spermatogenic stages from a normal testis for the study of gene regulation extremely tedious and difficult. This difficulty is aggravated by the complicated interaction between germ cells and somatic cells [1] .
Synchronization of the spermatogenic stages is an approach to simplifying the difficulty encountered in the study of spermatogenesis. Vitamin-A-deficiency (VAD) rat model is a commonly used model in this regard. Vitamin A is important for the proper function of a number of biological processes, such as vision, reproduction, cellular growth and differentiation, embryonic development, and immune response [2] [3] [4] . VAD in male rats leads to an arrest in spermatogenesis [5, 6] , resulting in seminiferous tubules that contain only Sertoli cells, spermatogonia, and some spermatocytes [7, 8] . Spermatogenesis in these rats can be reinitiated by administration of retinol, resulting in the formation of a synchronized epithelium [9] [10] [11] .
In VAD rat testes, the spermatogonia, mainly type A 1 , that survive in the vitamin-A-deficient treatment repopulate the regenerated testis after retinol replacement [10, 12, 13] . These spermatogonia respond quickly to vitamin A treatment and undergo cell division as shown by increased thymidine uptake [13] and H1 histone kinase activity [14] . The rate of development of the spermatogenic cells after vitamin A replacement is similar to that in normal rats [10] . In such synchronized testes, the seminiferous tubules contain primarily a few successive spermatogenic stages [12, 15] instead of the entire 14 stages seen at any given time in the seminiferous epithelium of normal rat testis. These rats with synchronized spermatogenesis have normal fertility [16] .
The study of spermatogenesis using the VAD model can be further simplified by investigating the change in cellular physiology in the first synchronized spermatogenic cycle after vitamin A replacement, when the somatic cells interact with germ cells at a limited number of developmental stages. An alternative to the VAD model is the first spermatogenic cycle in the postnatal animal. Similar to the VAD model, the spermatogenetic event in the postnatal model is fairly synchronized, though the amount of sample that can be obtained from the postnatal animals is more limited than that of VAD-treated animals.
Changes in cellular physiology are usually associated with alterations of gene expression. Two of the most commonly used methods for comparative gene expression analysis are 1) mRNA differential display [17] and 2) cDNA expression array analysis [18] . Using mRNA differential display to compare the gene expression pattern in the testis from mature (Ͼ60-day-old) and prepubertal (15-to 16-dayold) mice, Catalano and coworkers [19] identified a dozen genes that were expressed during spermatogenesis in mature but not in prepubertal mouse testis. The cDNA ex- GACTCCAGCATTGGAGAGTT  TACAGTTCCCGGATGTGGAT  TCTGTAATCAGCAGCTTCGC  CGGTCTTTGGCTATTTTGATG  ACCACAGTCCATGCCATCAC   AGTCAAACCTCTGCAGTAGC  CACGAGAGGGGACTTCTGAG  AGAGGTTACCATGGGTTACC  TCTGGACTCAGAGGAGTCTT  TCCACCACCCTGTTGCTGTA   262  402  310  369  452   24  26  26  18  22 pression array is a newer method to compare the expression of a large number of genes simultaneously and has been successfully used to study the gene expression profiles in different stages of mouse spermatogenic cells [20] . This is done by hybridizing radioactively-labeled cDNA onto nylon membranes and visualizing by x-ray autoradiography. Recently, the development of chip technology has increased the number of genes that can be studied, but the equipment for making the microarrays and for detecting the signals is expensive.
We have recently used the VAD model and differential display to study the gene regulation in spermatogenesis and have identified a number of novel genes [21] . To further extend our search for differentially expressed genes during spermatogenesis, we report here our results in VAD rat testis using cDNA expression array technology. The second objective of this study was to compare the gene expression pattern in the first spermatogenic cycle in the VAD model and in the postnatal model.
MATERIALS AND METHODS

Animals and Histology
Male Sprague-Dawley rats at 20 days old were purchased from Charles River Laboratories (Andover, MA) and housed in Sealsafe individually ventilated cages (Tecniplast, Buguggiate, Italy). Vitamin-A-deficient diet was obtained from ICN Biomedicals Inc. (Aurora, OH). All rats were fed with VAD diet for 60-70 days to synchronize spermatogenesis as described previously [21] . After histological verification of spermatogenic arrest from one killed animal per group (n ϭ 4), the VAD rats were injected i.p. with retinol (Sigma, St. Louis, MO) dissolved in sesame oil at a dosage of 7.5 mg per head on Day 0 of post-vitamin A (PVA) treatment. The animals were fed with a normal diet from the same day. In the following 6 days, the animals received 1 mg retinol/head by i.p. injection. After vitamin A treatment, the testes (n ϭ 2-4) were collected from each group of animals at different time points. One part of the testes was snap frozen in liquid nitrogen for RNA analysis and another part was fixed in 10% buffered formaldehyde for histological examination. The testicular tissues were paraffin-embedded, cut (4 m thick), and stained with hematoxylin and eosin. The Committee on the Use of Live Animals in Teaching and Research, of the University of Hong Kong approved this study protocol.
RNA Isolation
Total RNA from rat testis samples was extracted using TRIzol reagent (Life Technologies, Grand Island, NY) as described [22] . Messenger RNA was purified from total RNA with the oligotex mRNA mini kit (Qiagen, Hilden, Germany). The RNA quantity and integrity were determined by absorbance at 260 nm and 0.8% agarose gel electrophoresis, respectively.
Complementary DNA Array Hybridization
Broad-scale expression profiling of the PVA-VAD rats was performed using Atlas Rat 1.2 cDNA Expression Arrays (cat. #7854-1; Clontech Lab., Palo Alto, CA). Each array is a positively charged nylon membrane (8 ϫ 12 cm) that is spotted with cDNA fragments representing 1176 known genes and 9 housekeeping genes or control sequences (list of genes available at http://atlasinfo.clontech.com/atlasinfo/array-info-action.do? catalog noϭ7854-1). The manufacturer's protocol of probe synthesis and hybridization was followed. Briefly, in a 10-l reaction volume, 2 g of total RNA from the rat testis was reverse transcribed using 3.5 l of [␣-32 P]-dATP (3000 Ci/mmol; Amersham Pharmacia Biotech, Arlington Heights, IL), 0.5 mM each dCTP, dGTP, and dTTP, 10 mM dithiothreitol, CDS primer mix, and 1ϫ reaction buffer provided in the Atlas cDNA Expression Array kit. The 32 P-radiolabeled cDNA probes (2-10 ϫ 10 6 cpm) were column purified and used for membrane hybridization. Hybridization was carried out at 68ЊC overnight in a hybridization oven. The membranes were washed thrice with 250 ml of 2 ϫ SSC, 1% SDS solution at room temperature for 30 min and twice with 250 ml of 1 ϫ SSC, 0.1% SDS solution at 45ЊC for 30 min. Then the membranes were wrapped and exposed to x-ray film (BioMax MS; Kodak, Rochester, NY) for autoradiography. Each VAD rat testis RNA will hybridize three times onto different membranes and the averaged signal intensities were calculated for array comparison.
Analysis of Array Data
The images for the hybridized Atlas Arrays were captured by computer scanning at 200-dpi resolution and quantified using AtlasImage 1.5 analysis computer software (Clontech Lab., Palo Alto, CA) in accordance with the manufacturer's instruction. The adjusted intensity equals the intensity of each gene minus the background value. The genes with an adjusted intensity less than twofold the background value were not detected. Expression data from triplicate membranes were normalized and compared with other groups. In the present study, the ratio threshold was set at 2.0. Only those genes that showed an increase or decrease of twofold or greater were considered to be differentially expressed.
Semiquantitative Reverse Transcription-Polymerase Chain Reaction
Comparison of the gene expression of the two models based on days after retinol administration in PVA-VAD model versus the same postnatal days might only give differences reflecting a temporal shift in the gene expression pattern because the spermatogenic event in PVA-VAD testes proceeds faster than that in postnatal testes (see below). To better determine the difference in testicular gene expression of the two models, the spermatogenic event was divided into four groups. The relative changes of mRNA transcripts were determined using a semiquantitative reverse transcription-polymerase chain reaction (RT-PCR) assay as previously described [23] . In brief, mRNAs from the PVA-VAD and postnatal (and adult) rat testis were isolated as described above and each RNA sample was subjected to semiquantitative RT-PCR using the one-tube ACCESS RT-PCR System (Promega, Madison, WI). One microliter of mRNA was reverse transcribed and PCR amplified in 50 l reaction volume containing 1ϫ avian myeloblastosis virus (AMV)/thermos flavus (Tfl) buffer, 5 U AMV reverse transcriptase, 5 U Tfl DNA polymerase, 1 mM MgSO 4 , 200 M dNTP, and 1 M gene-specific primers ( Table 1 ). The reverse transcription was carried out at 48ЊC for 45 min, followed by 2 min at 94ЊC to inactivate the AMV reverse transcriptase. The PCR conditions were 94ЊC for 30 sec, 60ЊC for 1 min, and 68ЊC for 2 min for 18-26 cycles. The housekeeping GAPDH mRNA was used for normalization for PCR reaction. PCR products were separated on 2.5% NuSieve 3:1 agarose gel (FMC BioProducts, Rockland, ME) with a 1-kb plus DNA ladder marker (Invitrogen Life Tech., Carlsbad, CA). 
Statistical Analysis
All the data were expressed as mean Ϯ SD. Pair comparisons were performed using a Student t-test. Groups were considered significantly different if P Ͻ 0.05. All statistics were calculated with the help of SigmaStat statistical software (Jandel Scientific, San Rafael, CA).
RESULTS
VAD Synchronized and Postnatal Rat Testes
Twenty-day-old Sprague-Dawley rats were treated with VAD diet for 2 mo. Symptoms of vitamin A deficiency (hairlessness, weight loss, or cessation of weight gain and discharges from eyes) were observed in the treated groups at the end of 2 mo. Testes from the PVA-VAD rats were fixed, sectioned, and hematoxylin/eosin stained (Fig. 1) . On Day 0 (n ϭ 3), all the rat testes collected contained mainly type A spermatogonia and few preleptotene spermatocytes, indicating the arrest of spermatogenesis after VAD treatment. Spermatogenesis resumed after retinol treatment followed by consumption of normal diet. We observed the presence of type B spermatogonia and the presence of zygotene primary spermatocytes on Days 6 and 15, respectively. On Day 25, pachytene spermatocytes were the major germ cell population in the seminiferous tubule and spermatids started to appear. Elongated spermatids were formed on Day 35 at stages VI-VII. On Day 43, spermatogenesis was at stages I-II, with differentiation of the spermatozoa close to completion. This developmental schedule was essentially similar to that of the postnatal rat testis (Fig. 1) in this study as well as in a previous report [24] . However, some differences between the PVA-VAD and postnatal testis were noted. Gonocytes were present in the center of the seminiferous tubules of Day 1 postnatal testis but not in PVA-VAD testis (Fig. 1) . Spermatogenesis appeared to be proceeding slightly faster in PVA-VAD testis than that in postnatal testis. While round spermatids were fairly abundant in PVA-VAD testis on Day 25, they were rare in the Day 25 postnatal testis. Moreover, the number of elongated spermatozoa in PVA-VAD testis on Days 35 and 43 was much more than that in postnatal testis at similar day.
Array Analysis
RNA from the PVA-VAD rat testis was used to hybridize the rat cDNA expression arrays and to identify differences in the expression pattern of 1185 known genes. Among the 1185 genes, 1075 of them showed weak hybridization signal (less than twofold different from the background threshold value) after 3 days of exposure. The remaining 110 (9%) genes were either constantly expressed (90 and 79 genes on Days 15 and 35, respectively) or differentially expressed with or greater twofold changes (20 and 31 genes on Days 15 and 35, respectively) in their expression levels when compared with Day 0 (control, Fig.  2 ). There were 10 and 9 upregulated and 10 and 21 downregulated genes on Days 15 and 35, respectively (Tables 2  and 3 ). Among them, glutathione S-transferase Yb subunit (GSTM2), cytochrome P450 17 (CYP17), and sulfated glycoprotein 2 (SGP2) were found to be upregulated, while fibroblast growth factor 10 precursor (FGF10), phospholipase C delta 1 (PLC delta-1), cAMP-dependent protein kinase inhibitor (pKi␤), and cathepsin L (Cath L) were found to be downregulated on both days. It was noted that two housekeeping genes (polyubiquitin and 40S ribosomal protein S29) were found to be upregulated on Days 15 and 35.
Semiquantitative RT-PCR on PVA-VAD and Postnatal Rat Testis
To confirm differential expression of these genes in PVA-VAD rat testis as determined by cDNA array, and to find out whether similar expression patterns of genes occur in postnatal rat testis, we adopted semi-quantitative RT-PCR to analyze two upregulated (Cyp17 and SGP2) and two downregulated genes (pKi␤ and Cath L) that are related to spermatogenesis. RT-PCR analysis confirmed the expression patterns of the selected genes in PVA-VAD with Proteosomal proteins the cDNA array result (Fig. 3) . Both CYP17 and SGP2 transcripts were upregulated on Days 9-15 in PVA-VAD samples when compared with Day 0 (Fig. 3A) . In general, there was a gradual increase and then decrease of CYP17 transcript in PVA-VAD model. Interestingly, low expression levels of CYP17 transcript were observed in Days 7 and 15 postnatal rat testes. The expression of CYP17 transcript peaked on Days 25 and 35-45 and then dropped to a low level in adult testis. On the contrary, we observed an increase of SGP2 mRNA in PVA-VAD testis from Day 3 to Day 25. A more significant increase of SGP2 mRNA was observed in postnatal testis when compared at birth (Day 1). The expression levels of SGP2 transcripts in PVA-VAD at Day 43 and in adult testes were high. In PVA-VAD rat, the pKi␤ mRNA was highly expressed on Days 0, 20-25,and 35-43 but weakly expressed on Days 3-15. RT-PCR confirmed the cDNA array result that the expression level of pKi␤ mRNA on Day 15 was low. In postnatal rat testis, pKi␤ transcript was almost undetectable up to Day 15 (Fig. 3B ). An increase in expression of pKi␤ was found between Days 25 and 45. Nevertheless, a strong expression of pKi␤ was observed in adult rat testis.
Cath L was found to be downregulated from Day 20 to Day 43 in PVA-VAD rat testis. However, in postnatal and adult rat testis, the expression of Cath L remained fairly constant at different time points (Fig. 3B) . The housekeeping gene GAPDH was used as loading controls for the present study (data not shown).
DISCUSSION
Synchronization of spermatogenesis by treating the animal with a vitamin-A-deficient diet provides an alternative model for the investigation of stage-dependent changes of gene expression during spermatogenesis. In vitamin-A-deficient animals, injection of vitamin A resulted in synchronization of spermatogenesis in over 80% of the seminiferous tubules with 3-5 stages of the spermatogenic cycle [15] . It has been reported that only Sertoli cells, spermatogonia, and a few spermatocytes were found in the seminiferous epithelium of VAD rats [7, 8] . The disappearance of other cell types in the testes is mainly caused by apoptosis or selective loss of the germ cells [3] . The development of PVA-VAD testis of Sprague-Dawley rat in the present study is comparable with an early VAD study on Wistar rat [16] with successive formation of more advanced types of spermatogenic cells in a synchronized manner in the VAD testis, and the majority of the seminiferous tubules were at 3-4 spermatogenic stages (Fig. 1) .
The first spermatogenic cycle of the PVA-VAD rat con- tains germ cells at fewer spermatogenic stages. This provides a simplified model to delineate the regulation of spermatogenesis. Another model for studying the spermatogenesis is the first spermatogenic cycle of the postnatal animals. Similar to the VAD model, the developmental stages of the germ cells are limited and spermatogenesis is fairly synchronized. However, the amount of testicular samples obtained from the VAD model far exceeds that of the postnatal rat, as the former are collected at an age of over 80 days. Thus, more experiments and analyses can be performed using the VAD model. The spermatogenic event in the PVA-VAD testis seemed to proceed slightly faster than that in the postnatal testis such that the histology of Day 43 PVA-VAD testis was comparable with that of Day 45 postnatal rat. Besides, the slightly earlier appearance of round spermatids on Day 25 and the presence of more abundant elongated spermatozoa on Day 35 in PVA-VAD testis supported the above observation. The exact reason for the faster spermatogenesis in PVA-VAD rat is unclear. This could be an effect of vitamin A treatment on spermatogenesis. Another possibility is the different physiological status of the somatic cells in the two models. This was reflected in part by their differential gene expression levels between PVA-VAD and postnatal rat testis at Day 0 and Day 1, respectively (Fig. 3) . Sertoli cells and Leydig cells of rat undergo proliferation and differentiation in the postnatal period [25, 26] . These events are partially completed when the rats are started on a vitamin-A-deficient diet. Thus, the developmental stages of these somatic cells in the PVA-VAD model are more advanced than those in the postnatal model and may explain the more efficient spermatogenesis.
In this study, the gene expression of PVA-VAD testis on Days 15 and 35 after vitamin A administration were studied using the rat cDNA expression array. We found that 9% (110/1176) of the genes were highly and differentially ex- (Table 1 ). The PCR products were resolved in 2.5% Nuseive 3:1 agarose gel. A) CYP17: cytochrome P450 17 (M21208) and SGP2: sulfated glycoprotein 2 (M64723). B) pKi␤: testis form of cAMPdependent protein kinase inhibitor (M64092) and Cath L: cathepsin L (Y00697). The signal intensities were normalized with a housekeeping gene glyceraldehyde 3-phosphate dehydrogenase (GAPDH) for comparisons. Each bar represented mean Ϯ SD for three individual experiments. Asterisks denote significant difference (P Ͻ 0.05) from the controls (PVA-VAD, and Postnatal, at Day 0 and Day 1, respectively).
pressed in the PVA-VAD rat testis (Tables 2 and 3 ). To confirm the differential expression of these genes in PVA-VAD rat testis as determined by cDNA expression array and to compare the expression pattern of genes with that in postnatal rat testis, we selected two upregulated (CypP17 and SGP2) and two downregulated (pKi␤ and Cath L) genes that are related to spermatogenesis for further study. Semiquantitative RT-PCR was used to detect the changes in steady-state mRNA levels produced by genes in the two models tested.
The biosynthesis of testosterone requires the activities of cytochrome P450 17 (CYP17). The Leydig cell of the testis is the only cell in the male that has the capacity to synthesize testosterone from cholesterol. Testosterone is critical during fetal development for male sexual differentiation and postnatally for initiation and maintenance of spermatogenesis and the expression of the male secondary sex characteristics [27] . Coincidentally, a high expression of CYP17 transcript was found in PVA-VAD testis, presumably produced from the mature Leydig cells of the testis. It was noted that a substantial increase in CYP17 transcripts on Days 25-40 in postnatal rat testis confirms the role of this gene on sexual differentiation (Fig. 3A) .
Differential screening of testis cDNA libraries from VAD rats before and after (6 h later) administration of alltrans retinoic acid (ATRA) have been successfully used to isolate genes coding for cytochrome c oxidase (COX) and sulfated glycoprotein 2 (SGP2), which are upregulated (3.9-fold) and downregulated (70%) in PVA-VAD testis, respectively [28] . It is speculated that the increase in COX expression is due to an increase in energy demand of testicular cells in PVA-VAD testis, while the downregulation of SGP2 is the direct effect of ATRA treatment on the Sgp2 promoter [28] . However, this study only addressed the short-term changes (up to 30 h) of these transcripts in rat testis. In the present study, we detected both upregulation of the COX by 2.3-fold during spermiogenesis (Table 3) and SGP2 by 2.1-and 3.5-fold in early meiosis and in spermiogenesis, respectively (Tables 2 and 3 ), in the PVA-VAD rat testis. Northern blot analysis demonstrated that SGP2 transcript increased to a detectable level between Days 7 and 14 of postnatal rat testis and the relative level of expression did not change significantly after Day 14 [29] . In agreement with the previous study, we demonstrated that SGP2 mRNA increases dramatically from Day 1 to Day 15 in postnatal rat testes (P Ͻ 0.05) and maintains a fairly constant level after Day 15 (Fig. 3A) , as determined by a more sensitive RT-PCR technique.
The protein kinase inhibitor (pKi) family includes three genes (␣, ␤, and ␥), coding small, heat-stable inhibitors of the cAMP-dependent kinase PKA. The pKi␤ isoform, also known as testis pKi, is highly expressed in the testis, while the pKi␣ isoform is highly expressed in skeletal muscle, heart, cerebral cortex, and cerebellum [30] . In postnatal rat testis, pKi␤ mRNA is almost undetectable before Day 25 (P Ͻ 0.05). There was a gradual increase of pKi␤ transcript from Day 25 onward. Similar patterns had previously been reported [31] . Compared with those on Day 0, the pKi␤ mRNA level in PVA-VAD testis decreased (P Ͻ 0.05), when the spermatogonia were undergoing mitotic division and in early meiosis. The relationship between decrease in pKi␤ expression and mitosis of spermatogonia is unclear. The level of pKi␤ increased thereafter, reaching peak expression when spermatids were formed. In line with this observation, the association of pKi␤ mRNA expression in situ with spermatid formation has been reported [31] .
In postnatal rats, the testicular mRNA levels of Cath L did not change very much and they agree with a previous report [32] . The expression pattern of Cath L in the PVA-VAD rat was similar but showed a decreasing trend with development; its expression in PVA-VAD testis in meiosis and spermiogenesis was comparatively low (P Ͻ 0.05 to control). In adult rat testis, Cath L expression in Sertoli cells was regulated by germ cells in a stage-specific manner [33] . Using isolated seminiferous tubules, it was demonstrated that the transcription of the Cath L gene by Sertoli cells was sevenfold higher at stages VI-VII than at stages IX-XII [34] . A more recent study using laser-capture microdissection and real-time polymerase chain reaction confirmed the high expression of Cath L at stages VII-VIII and a decrease at stages IX-XIII [35] . Although there are variable reports on the expression of Cath L at stages I-V [35, 36] , it is generally accepted that the expression of the gene is highest at around stages VI-VIII. In postnatal rat, Cath L expression remained fairly constant. It has been suggested that the change in Cath L expression in the rat testis is related to spermatid development [32, 33] .
Apart from the four genes discussed above, the expression of a number of other genes in the cDNA expression array changes during spermatogenesis. Glutathione S-transferase, which was increased by 3.3-fold at Day 15 and 3.7-fold at Day 35, is involved in testicular eicosanoid biosynthesis for prostaglandin D production [37] . In the developing testis, prostaglandin D may act as a paracrine factor to induce Sertoli cell differentiation [38] . On the other hand, both prostaglandin E2 receptor (EP2 subtype, 0.50-fold) and adenylyl cyclase (0.32-fold) were downregulated at PVA-VAD testis at Day 35. Coincidentally, PGE 2 receptors, EP2 and EP4, are coupled to adenylyl cyclase pathway to generate cAMP in the bovine endometrium during the estrous cycle [39] . Whether a similar regulatory mechanism was involved in rat spermatogenesis needs further investigation.
One obvious difference between the PVA-VAD and postnatal rat model is the gene expression of Day 0 and Day 1 testis, respectively. The expression of SGP2 and pKi␤ were high in PVA-VAD testis but were very low in the postnatal testes. This difference is likely due to the more advanced development of the somatic cells in the former. The chronological age of the cells in PVA-VAD rat testis is that of a mature animal. The Sertoli cells and Leydig cells proliferate and differentiate with changes in function and morphology during the postnatal period [25, 26] .
In conclusion, substantial differences in the gene expression exist between the PVA-VAD and postnatal rat model on the first cycle of spermatogenesis. This discrepancy could be caused by either the presence of arrested but mature somatic cells in the PVA-VAD testis that may contribute to a unique gene expression pattern in this model or by the direct effect of retinol on spermatogenesis. Therefore, caution is needed on interpreting the gene expression data using the PVA-VAD and postnatal rat models on studying spermatogenesis in rat testes.
